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Communication device 

The invention relates to a communication device including a power amplifier for 
amplifying a modulated high frequency carrier input signal comprising a resonance 
circuit and an excitation circuit for a signal excitation in the resonance circuit phase 
and/or frequency coupled with the modulated high frequency earner signal. 

A communication device including a power amplifier of the above type is known 
from the article "A 1.9 GHz 1 W CMOS Class E Power Amplifier for Wireless 
Communications" by King-Chun Tsai and Paul R. Gray, Department of Electrical 
Engineering and Computer Sciences, University of California, Berkeley, California, 
U.S.A., published in Proceedings of the 24* European Solid-State Conference, The 
Hague, The Netherlands, 22-24 September 1 998. 

The resonance circuit of the known power amplifier comprises a parallel LC 
resonance circuit AC serially connected between a supply voltage terminal and mass, 
through a controllable switching. The switching element is to switch the full supply * 
voltage across the resonance circuit alternately during half period cycles of the carrier 
frequency, synchronised with the phase and/or frequency modulation of said high 
frequency earner input signal. This results in a likewise synchronised signal excitation in 
the resonance circuit. The common node between the capacitor and the inductor provides 
an output of Ihe resonance circuit and therewith an output of the power amplifier, 
supplying the information embedded in the modulation with a power amplification to a 
bandpass filter. The bandpass filter is to select the fundamental component of the voltage 
occurring across the resonance circuit and to suppress harmonic distortion occurring in 
the output signal of the resonance circuit. 

The resonance circuit is designed such with regard to the switching operation, that 
in steady state, ideally the resonance circuit signal, i.e. the voltage across the capacitor, 
crosses zero level, immediately before the switch is closed. According to the teachings of 
said article, the switch would dissipate no power then, because it is closed when the 
voltage across the switch is zero, hereinafter also referred to as soft switching concept. 
The signal losses in the switch, hereinafter also referred to as switching or excitation 
losses, would therewith be eliminated and all of the DC supply power would therewith be 
delivered to the output of the LC load network. The measures mentioned to arrive at this 
ideal situation of zero excitation losses are aimed at an accurate half cycle periodic 
operation of the switch, which would a.o, result in the capacitor being fully discharged at 
the moment the switch is closed, and are aimed at steep switching transients. The 
circuitry needed for such precise switching operation are rather complex. 

However, communication devices have to keep up with ever increasing market 
demands. Power amplifiers are one of the key circuits basically determining the overall 
performance of such devices. For important applications within the field of 
telecommunication, the requirements put to power amplifiers in terms of power added 
efficiency and cost effectiveness already increased beyond the limits attainable with 
power amplifiers based on the above known principle. 
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Therefore, the invention has for its first object to improve the performance of 
communication devices by providing a power amplifier based on a new principle having 
an efficiency, substantially higher than achievable with the above known power 
amplifier. 

5 A second object of the invention is to provide a versatile power amplj fier 

applicable in communication devices complying with a broad range of 
telecommunication standards. 

A third object of the invention is to provide a communication device to great 
extent being suitable for a cost effective implementation in integrated form. 

10 According to the invention a communication device including a power amplifier 

for amplifying & modulated high frequency carrier input signal comprising a resonance 
circuit and an excitation circuit for a signal excitation in the resonance circuit phase 
and/or frequency coupled with the modulated high frequency carrier signal, is therefore 
characterized by said excitation occurring within excitation periods (Tex) in a periodic 

1 5 alternation with resonation periods (Tfre), during which the resonance circuit is in a free 
running resonance mode, the excitation periods being smaller than (he resonation periods 
to define an excitation duty cycle (Tex/Tcar) relative to the period of the carrier signal 
(Tear), hereinafter also indicated as excitation duty cycle, of less than 0.5. 

Unlike the teachings and aims of the above cited reference, the invention is 

20 targeted at a reduction of the overall signal power loss in the total transmitter end stage 
signal processing including the amplification, selection and transmission of the RF signal. 
The invention is based on the recognition that extending the free running period of the 
resonance circuit (Tire) of ihe power amplifier beyond a half cycle period results in a 
reduction of the total harmonic signal distortion, hereinafter also referred to as THD 

25 losses, at the output the resonance circuit without necessarily increasing significantly the 
above excitation losses. The power needed for an effective signal excitation in the 
resonance circuit can therefore be reduced as well, without affecting the amplifier output 
power. This results in an increase in the overall efficiency of the power amplifier. 

The invention therewith cuts across the notion that decreasing the duty cycle of a 

30 resonance circuit input signal below 0.5 of the signal period will lead to signal power loss 
due to spectral power spread inherent to any decrease in signal duty cycle. 

The measure according to the invention provides a fundamental breakthrough 
beyond the bottom limit of signal power loss of the known power amplifier, allowing to 
substantially improve the performance of communication devices. 

%S According to a further recognition of the invention, said measure does not prevent 

to apply the abovementioned soft switching concept to eliminate excitation losses 
completely. Starting from a certain excitation duty cycle, a complete elimination of 
switching losses can be achieved by a certain value for the resonance frequency (fres) of 
the resonance circuit. On the other hand, by chosing the resonance frequency (fres) of the 

40 resonance circuit at the carrier frequency (fear) of the modulated high frequency carrier 
signal, THD losses are eliminated. In practise said certain value for the resonance 
frequency (fres) deviates from the carrier frequency (fear). Expressing said resonance 
frequency (fres) in a socalled resonance frequency detuning rate (dfres), defining the 
frequency deviation by which the resonance frequency (fres) is higher than the carrier 

45 frequency (fear) of the modulated high frequency carrier signal relative to said carrier 



frequency (dfres^frcs/fcaM), an advantangeous trade off between excitation losses and 
THD losses according to the invention to come to a minimisation of the overall power 
loss of the power amplifier as a whole, is met in a preferred embodiment of a 
communication device according to the invention, which is characterized by said 
5 resonance frequency detuning rate (dfres) corresponding substantially at most to half the 
excitation duty cycle, 

This measure allows minor excitation losses to occur, which on the one hand are 
sufficiently small not to deteriorate the overall reduction in signal power loss of the 
power amplifier due to the reduction in THD losses, and which on the other hand are 
10 sufficiently large to allow for a cost effective implementation, using much less complex 
circuitry than needed in the cited known power amplifier. 

In particular for an excitation duty cycle between an order of magnitude of 0,1 and 
0.5, the latter embodiment of a communication device according to the invention is 
characterised by said resonance frequency detuning rate (dfres) being in the order of 
1 5 magnitude of the half square value of said excitation duty cycle. 

Apart from the excitation duty cycle and the resonance frequency detuning rate 
(dfres) also the quality factor (Q) of the resonance circuit is a parameter in the trade off 
between excitation and THD losses. In a preferred embodiment of a communication 
device according to the invention using the quality factor as an additional parameter, the 
20 excitation duty cycle is being defined to decrease with increasing quality factor (Q) of the 
resonance circuit and vice versa, in particular for an excitation duty cycle between an 
order of magnitude of 0.1 and 0.5. 

The above measures are approximations of the following, more precize definitions 
for the abovementioned excitation duty cycle (Tex/Tear) and resonance frequency 
25 detuning rale (dfres), leading to an optimal trade off between excitation losses and THD 
losses, being respectively substantially equal to: 
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The trade off between excitation and THD losses according to the invention 
causes a discontinuity to occur in the slope of the output signal of the resonance circuit 
during the resonation periods at the start of the excitation periods, reflecting the switching 
5 loss. 

Said discontinuity may be caused by a DC level shift in the excitation signal. 
In a preferred embodiment, the excitation circuit of the communication device is 
provided with a controllable switching device serially arranged with the resonance circuit 
between first and second terminals of a voltage supply source and having a control 

1 0 terminal coupled to the input of the power amplifier for periodically supplying an 

excitation voltage signal to the resonance circuit, phase and/ox frequency coupled with 
the modulated carrier signal circuit. In the excitation of the resonance circuit according to 
the invention, then: is no necessity to minimize the switching signal transient time, which 
makes it possible to use an excitation signal with smooth signal transients. This allows to 

1 5 simplify the implementation of the communication device, in which said controllable 
switching device comprises a switch resistance serially arranged with the resonance 
circuit between the first and second terminals of said voltage supply source and being 
varied from a maximum resistance value to a minimum resistance value and vice versa to 
smoothen transients of said excitation voltage signal increasing above a threshold voltage 

20 within the excitation periods. In such communication device the controllable switching 
device may well comprise a MOS transistor having its drain source path serially coupled 
to the resonance circuit and being controlled to vary the switch resistance stepwise. 

In the communication device according to the invention the excitation of the 
resonance circuit not only tracks modulation dependent phase and/or frequency 

25 deviations of the modulated high frequency carrier input signal! but also allows to 

amplify modulation dependent envelope amplitude variations of said input signal, if any. 
The extra degree of freedom provided herewith makes it possible to comply with various 
different telecommunication standards, including those using constant envelope 
modulated high frequency carrier signals (such as e.g. GSM) and those using modulated 

30 envelope high frequency carrier signals (such as e.g. CDMA). When using an excitation 
circuit with a controllable switching device as indicated above, such communication 
device preferably comprises amplitude modulation means for modulating the amplitude 
of the supply voltage between the first and second terminals of the voltage supply source 
with modulation signal dependent envelope amplitude variations of the modulated high 

35 frequency carrier signal. 

In allowing to use smooth signal transients, the invention enables to use bipolar 
transistor circuitry for the excitation of the resonance circuit. Another preferred 
embodiment of a communication device according to the invention is therefore 
characterized in that the excitation circuit comprises a charge pump supplying an 

40 excitation current signal, phase and/or frequency coupled with the modulated carrier 

signal circuit having smooth transients between a minimum and a maximum current level 
and increasing above a threshold current level within the excitation periods. In this 
embodiment, this threshold current level is chosen such that the part of the excitation 
current signal in excess of the threshold current level is determining and/or dominating 

45 the signal in the resonance circuit. 



Such a communication device is preferably characterized in that an output stage of 
the charge pump comprises a bipolar transistor, the collector emitter path thereof being 
serially coupled to the resonance circuit between first and second terminals of a supply 
voltage source. 

When using an excitation circuit with a charge pump as indicated above, a 
preferred embodiment of a communication device complying with telecommunication 
standards using modulated envelope high frequency carrier signals comprises amplitude 
modulation means for modulating the excitation signal as well as a supply voltage 
coupled to the resonance circuit with modulation signal dependent envelope amplitude 
variations of the modulated high frequency carrier signal. 

Another preferred embodiment of a communication device is characterized in that 
the resonance circuit input means comprise a pulse generator controlling the excitation 
circuit to modulate the excitation signal in its phase and/or frequency and/or envelope 
amplitude in correspondence with the modulated high frequency carrier signal. 

Tn telecommunication standards using constant envelope modulated high 
frequency carrier signals the envelope amplitude of the excitation signal is kept constant. 

Another preferred embodiment of a communication device according to the 
invention is characterized by said antenna means having narrow bandwidth and being 
part of the resonance circuit. 

This measure allows to combine main part of the resonance circuit functionality 
with the functionality of the antenna means, therewith providing an extensive integration 
of the resonance circuit with the antenna means and reducing the number of elements 
needed. 

Preferably the antonna impedance is coupled to a tap of the inductor of said 
parallel LC circuit, which removes the need for an antenna impedance transformer. 

The above and other object features and advantages of the present invention will 
be discussed more in detail hereinafter with reference to the disclosure of preferred 
embodiments and in particular with reference to the appended Figures, that show: 
Figure 1 a blockdiagram of a communication device including a first embodiment 

of a power amplifier according to die invention; 
Figure 2 a blockdiagram of a second embodiment of a power amplifier according to 
the invention; 

Figures 3a, signal plots showing the result on THD losses (curve C) reflected in the 
resonance circuit output signal (curve A) when using an excitation signal 
having a 50% duty cycle in the power amplifier of Figure 2, in which the 
excitation circuit is provided with a MOS transistor output stage, the 
quality factor of the resonance circuit Q being 1 .5 and the resonance 
frequency detuning rate (dfres) being 60%; 

Figures 4a, b signal plots showing the result on THD losses (curve C) and switching or 
excitation losses reflected in the resonance circuit output signal (curve A) 
when using an excitation signal having a 50% duty cycle in the power 
amplifier of Figure 2, in which the excitation circuit is provided with a 
MOS transistor output stage, the quality factor of the resonance circuit Q 
being 1.5 and the resonance frequency detuning rate (dfres) being 27%; 
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Figures 5a, b signal plots showing the result on THD losses (curve C) and switching or 
excitation losses reflected in the resonance circuit output signal (curve A) 
when using an excitation signal having a 30% duty cycle in the power 
amplifier of Figure 2, in which the excitation circuit is provided with a 
MOS transistor output stage, the quality factor of the resonance circuit Q 
being 3 and the resonance frequency detuning rate (dfres) being 10%; 

Figure 6 signal plots showing as a function of the inverse value of the quality factor 
of the resonance circuit which value of the excitation duty cycle and the 
resonance frequency detuning rate (dfres) results in a substantia] 
elimination of respectively signal losses in the excitation circuit, THD 
losses and overall signal losses in tho power amplifier of Figure 2 as a 
whole. 

Figure 7a- d various excitation signal forms usable in a communication device 

according to the invention; 
Figure 8 a-c signal plots illustrating the functioning of the power amplifier according to 

the invention when being used for amplifying an envelope amplitude 

modulated high frequency carrier signal 



Figure 1 shows a blockdiagram of a communication device according to the 

20 invention, which is compliant to telecommunication standards using modulated envelope 
high frequency carrier signals (such as e.g. CDMA), including a power amplifier (1 -5), 
preceded by a transmitter pre-stage unit 6 and followed by antenna means A. The 
transmitter pre-stage unit 6 is provided with an output supplying a high frequency carrier 
signal at a terminal Fc, a baseband modulation signal for modulating said high frequency 

25 earner signal in phase and/or frequency at a terminal FM/PM, and a baseband modulation 
signal for modulating the envelope amplitude of said high frequency carrier signal at a 
terminal AM. With regard to the transmitter pre-stage unit 6 reference is made to existing 
prior art CDMA portable communication devices. Detailed knowledge of the transmitter 
pre-stage unit 6 is not needed to properly understand the invention, reason for which the 

30 unit 6 will not be further described. 

The power amplifier (1-5) comprises a resonance circuit 1 arranged between 
resonance circuit input means 2 and the antenna means A, the resonance circuit input 
means 2 comprising an excitation circuit 3 coupled between a pulse generator 4 and the 
resonance circuit 1 for supplying an excitation signal thereto* The baseband modulation 

35 signals at the terminals PM/FM and AM, hereinafter referred to as PM/FM and AM 
baseband modulation signals respectively, and the high frequency carrier signal at the 
terminal Fc of the transmitter prc-stagc unit 6 arc supplied to the pulse generator 4, which 
derives therefrom control signal pulses for the excitation circuit 3. These pulses do not 
refer to a specific signal form, as will be explained hereinafter in more detail with 

40 reference to Figure 8 and may be rectangular, sinusoidal, Gaussian or otherwise. 

The control signal pulses are generated at each period of the high frequency carrier signal 
phase and/or frequency modulated with the PM/FM baseband modulation signal with a 
duty cycle less than 50%. In addition thereto the pulse generator 4 also modulates the 
envelope amplitude of these control pulses with the AM baseband modulation signal The 

45 circuitry needed to come to an excitation signal as defined here above, i.e. tracking the 



modulated high frequency carrier signal in its phase and/or frequency and/or amplitude 
and having a duty cycle less than 50%, can as such be designed and implemented by 
anyone skilled in the art to arrive at. In this connection, reference is made to Philips' 
pulse generator type PM 5786 B. The functionality of the pulse generator 4 may well be 
combined with the functionality of excitation circuit 3 in one single device. 

The excitation circuit 3 comprises a charge pump with an output stage having a 
bipolar transistor, the collector emitter path thereof being serially coupled to the 
resonance circuit 1 between first and second terminals of a supply voltage source Vcc. 

The resonance circuit 1 comprises a parallel RLC circuit directly coupled to the 
antenna means A. The resistor R represents mainly the radiation resistance of the antenna 
means A. The resonance frequency of the circuit 1 is chosen to correspond substantially 
to the carrier frequency (fear) of the modulated high frequency carrier signal. The quality 
factor Q of the resonance circuit is preferably chosen to be greater than 1 . 

Furthermore, if the antenna means A are dimensioned to have a narrow 
bandwidth, then such narrow bandwidth antenna means can provide the functionality of 
the parallel RLC circuit to a great part. This removes the need to use a completely 
equipped RLC circuit in the resonance circuit 1, allowing to integrate the antenna means 
A as part of the power amplifier (1-5). 

The pulse generator 4 controls the excitation circuit 3 to generate an excitation 
signal following the control pulses in their phase and/or frequency and their envelope 
amplitude modulation, and having continuous transients between a minimum and a 
maximum current level, the excitation current signal exceeding 50% of the maximum 
current level during a periodic time interval smaller than 50% of the repetition time of the 
input signal. The excitation signal excitates the resonance circuit 1, therewith bringing 
this circuit in a resonance mode in accordance with the invention. 

In addition thereto the supply voltage Vcc is amplitude modulated with the AM 
baseband modulation signal through an amplitude modulator 5, which is coupled to the 
terminal AM of the transmitter pre-stage unit 6. With regard to this amplitude modulator 
5, reference is made to Philips 1 IC LM 78xx or equivalent ICs. 

The functioning of the power amplifier with regard to AM modulations will be 
explained with reference to Figures 8a-c. 

Figure 2 shows a blockdiagram of a second embodiment of a power amplifier for 
use in a communication device according to the invention in which elements 
corresponding to those of Figure 1 have the same references. The excitation circuit 3 now 
comprises a switching device using a MOS transistor having its drain source path serially 
arranged with the resonance circuit 1 between first and second terminals of a supply 
voltage source, respectively connected to mass and a supply voltage Vcc. For AC signals 
both first and second terminals may be considered to be massconnected. An excitation of 
the resonance circuit 1 occurs when the switching MOS transistor is "closed" i.e. applies 
the full or almost the full supply voltage Vcc across the resonance circuit 2. 

In the resonance circuit 1 the capacitor C is parallel connected to the inductor L, 
hut unlike the resonance circuit of Figure 1, the inductor L is now provided with first and 
second taps, Tl respectively T2. The first tap Tl is coupled to the resistor R and the 
second supply voltage terminal, the second tap T2 is coupled to the output of the 
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excitation circuit 3, therewith therewith providing proper antenna impedance matching 
without using an extra impedance transformer. 

Figures 3a, b show signal plots showing the result on THD losses (curve C) 
reflected in the resonance circuit output signal (curve A), when using an excitation signal 
5 having a 50% duty cycle in the power amplifier of Figure 2, in which the excitation 

circuit is provided with a MOS transistor output stage, the quality factor of the resonance 
circuit Q being 1 .5 and the resonance frequency detuning rate (dfres) being 60%. The 
losses in the excitation circuit 3 are being referred to as excitation losses and when using 
a switching device such as a MOS transistor, may also be referred to as switching losses. 

10 The switching losses when switching the supply voltage across the resonance circuit 1, 
are practically zero as is shown in the smooth slopes of curve A. The THD losses, which 
can be derived from the difference between the first order harmonic frequency of the 
resonance circuit output signal indicated by curve B and the curve A resonance circuit 
output signal are considerable and may be used as a reference for the THD losses 

15 occurring in the cited prior art power amplifier. 

Figures 4a,h signal plots showing the result on THD losses (curve C) and 
switching or excitation losses reflected in the resonance circuit output signal (curve A) 
when using an excitation signal having a 50% duty cycle in the power amplifier of Figure 
2, in which the excitation circuit is provided with a MOS transistor output stage, the 

20 quality factor of the resonance circuit Q being 1 >5 and the resonance frequency detuning 
rate (dfres) being 27%. Now switching losses are appearing, reflected in a discontinuity at 
point D of curve A, however, the reduction in THD losses is much greater than these 
switching losses, as is shown in curve C. The net reduction effect of detuning of the 
resonance frequency of the resonance circuit 1 on the overall power loss is clearly 

25 demonstrated herein, and appears to also have an advantageous effect with an excitation 
duty cycle of 0.5. 

Figures 5a>b show signal plots showing the result on THD losses (curve C) and 
switching or excitation losses reflected in the resonance circuit output signal (curve A) 
when using an excitation signal having a 30% duty cycle in the power amplifier of Figure 

30 2, in which the excitation circuit is provided with a MOS transistor output stage, the 
quality factor of the resonance circuit Q being 3 and the resonance frequency detuning 
rate (dfres) being 10%. Here, an optimal trade off between switching and THD Josses is 
obtaincdi resulting in a minimised overall power loss of the power amplifier. 

Figure 6 shows the interrelationship between the three parameters: excitation duty 

35 cycle (Tex/Tcar), resonance frequency detuning rate (dfres) and quality Factor (Q) of the 
resonance circuit 1 of Figure 2 in signal plots indicating as a function of the inverse value 
of the quality factor (1/Q) of the resonance circuit 1 respectively In curve A which value 
of the resonance frequency detuning rate (dfres), in curve B which value of the excitation 
duty cycle when approximated by (1/Q), in curve C which value of the excitation duty 

40 cycle and in curve P which value of the resonance frequency detuning rate (dfres) when 
approximated by (4/Pi)(l/Qr2 results in a substantial elimination of excitation or 
switching losses. The curves A and C are based respectively on the following formulas: 
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THD losses are minimised for zero value of the excitation duty cycle (Tcx/Tcar) 
and the resonance frequency detuning rate (fres/fcar-!), which correspond to the 
horizontal X coordinate. 

Curve E shows a trade off between switching loses and THD losses according to 
the invention* which is based on taking 50% of the value for the resonance frequency 
detuning rate (dfrcs) necessary to minimise switching losses following From the above 
formula for dfres. This value results in an overall reduction of power loss in the power 
amplifier as a whole and is most likely to lead to the most optimal trade off. However, in 
practise, it may well be that a value somewhat deviating from said 50% for the resonance 
frequency detuning rate (dfres) for minimised switching losses, will give a somewhat 
better trade off in terms of minimum overall power loss. 

The signal plot clearly shows that substantial elimination of signal losses in the 
excitation circuit does not depend on the duty cycle. Even for duty cycles greater than 0.5 
relative to the carrier signal period these excitation losses can be eliminated. 

A commercially interesting optimization area is defined by values of the duty 
cycle between approximately 0.1 and 0.5 relative to the carrier signal period. The 
following table is to demonstrate the effect of an optimal trade off between switching or 
excitation losses and THD losses according to the invention on the reduction in the 
overall signal losses in quantitative form. 
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It will be clear, that the invention is not limited to a 50% value for the resonance 
frequency detuning rate to come to an effective trade off between excitation losses and 
THD losses leading to a overall reduction of the poweT loss of the power amplifier as a 
5 whole. Values for the resonance frequency detuning rate (dfres) resulting in such 
effective trade ofTmay vary within on order of magnitude of 50%. Furthermore, 
dependent on the specific application of the power amplifier, it may well be that 
excitation losses are to be suppressed to larger extend than THD losses, or vice versa. The 
resonance frequency detuning rate (dfres) can be chosen at a specific value within the 

10 range between the one effecting minimised excitation losses and the one effecting 
minimised THD losses to meet the requirements of said spocific application. 

The curves also show that an increasing quality factor (Q) of the resonance circuit 
allows to decrease the resonance frequency detuning rate (dfres) as well as the excitation 
duty cycle (Tres/Tcar) to arrive at an optimal trade off in terms of minimised overall 

is power loss. Dependent on this Q factor the excitation duty cycle may he chosen below the 
abovementioned value of the order of magnitude of 0.1 1 and the resonance frequency 
detuning rate (dfres) may be chosen close to the carrier frequency (fear) of the high 
frequency carrier signal. 

Figures 7a-d show four various excitation signal forms a-d usable in a 

20 communication device according to the invention. These signals all have a duty cycle less 
than 0.5 and continuous transients between a minimum and a maximum level, the signal 
exceeding a threshold value during a periodic time interval smaller than 50% of its 
repetition time. Said threshold value indicates at which signal amplitude level the 
excitation signal is dominating and/or determining the signal form of the resonance 

25 circuit output signal. In the shown examples said threshold value is chosen at 50% of the 
maximum current level the excitation signal. 

Figure 8 a-c show signal plots illustrating the functioning of the power amplifier 
according to the invention when being used for amplifying an envelope amplitude 
modulated high frequency carrier signal with a digital AM baseband modulation signal as 

30 depicted in Figure 8b. 

Figure 8a shows the result of AM modulation of an otherwise unmodulated (i.e. 
without PM and/or FM modulations) high frequency carrier signal obtained with the 
communication device of Figure 1 . In order to allow the resonance signal amplitude to 
vary with the AM modulation signal both excitation signal and supply voltage have to be 

35 amplitude modulated. The minimum voltage level occurring at the resonance circuit 
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remains constant as shown in Figure 8a, whereas the transmitted antenna signal is varying 
symmetrically around zero level as is shown in Figure 8c. 

When using the power amplifier of Figure 2, the excitation doesn't need to be 
varied and variation of the supply voltage with the AM baseband modulation signal 
suffices. This results again in signals as shown in Figures 8a and 8c. 

The possibility to arrive at a high frequency carrier transmitter signal being PM 
and/or FM modulated as well as AM modulated allows to use the communication devices 
according to the invention in telecommunication standard, such as e,g. CDMA. However, 
by keeping the envelope of the a high frequency carrier transmitter signal constant these 
communication devices may also be used in telecommunication standards such as e,g 
GSM. 

In a prototype power amplifier as shown in Figure 1 using a charge pump in the 
excitation circuit 3, the following relationships between the quality (Q) of the resonance 
circuit 1 and the duty cycle of the excitation signal used, were measured at a resonance 
frequency detuning rate (dfres) being zero: 
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Significant improvements in efficiency arc obtained within the area defined by a 
quality factor greater than an order of magnitude of 2 and a duty cycle of the excitation 
signal less than an order of magnitude of 40%. 

When increasing the resonance frequency detuning rate (dfres) similar 
improvements with regard to power efficiency (or minimisation of overall signal power 
loss) arc achieved as those shown in the above table for a power amplifier using a MOS 
switching device in the excitation circuit. 

In the above the invention is explained with a voltage and current like excitation 
of the resonance circuit, bounding the area of characteristics of circuitry, which can be 
used to materialize the invention. It is clear that the invention may well be applied with 
any implementation of the excitation circuit 3 having a mixed current/voltage output 
characteristic. 
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Furthermore the signal forms usable for an excitation in accordance with the 
invention arc not limited to the ones shewn in Figures 7a-d and include any form within 
the definition given in the claims. 

The invention removes the necessity to use a bandpassfilter, however, such use is 

5 not precluded. 
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Claims: 



10 



1 . A communication device including a power amplifier for amplifying a modulated 
high frequency carrier input signal comprising a resonance circuit and an excitation 
circuit for a signal excitation in the resonance circuit phase and/or frequency coupled 
with the modulated high frequency carrier signal, characterized by said excitation 
occurring within excitation periods (Tex) in a periodic alternation with resonation 
periods (Tfre), during which the resonance circuit is in a free running resonance 
mode, the excitation periods being smaller than the resonation periods to define an 
excitation duty cycle (Tex/Tcar) relative to the period of the carrier signal (Tear) of 
less than 0*5, 



15 



2. A communication device according to claims 1, characterized by the resonance 

circuit having a resonance frequency (fres) higher than the carrier frequency (fear) of 
the modulated high frequency carrier signal over a resonance frequency detuning rate 
(dfres), defined by the frequency deviation of said resonance frequency from said 
carrier frequency relative to the carrier frequency (fres/fcar-1), substantially at most 
corresponding to half the excitation duty cycle. 

20 3. A communication device according to claim I or 2, characterised hy said resonance 
frequency detuning rate (dfres) being in the order of magnitude of the half square 
value of said excitation duty cycle (Tex/Tcar) for an excitation duty cycle above an 
order of magnitude of 0. 1 . 



25 4. A communication device according to one of claims t to 3, characterized by the 
excitation duty cycle (Tex/Tcar) being defined to decrease with increasing quality 
factor (Q) of the resonance circuit and vice versa for an excitation duly cycle 
(Tex/Tcar) above an order of magnitude of 0.1 . 



30 



35 



40 



45 



A communication device according to one of claims 1 to 4, characterized by an 
excitation duty cycle (Tex/Tcar) being substantially defined by: 
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6. A communication device according to one of claims 1 to 5, characterized by a 
5 resonance frequency detuning rate (dfres=fres/fcar-l) being substantially defined by: 
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7. A communication device according to one of claims 1 to 6, characterized by a 

20 discontinuity in the slope of the signal occurring in the Tesonance circuit during the 
rcsonation periods at the start of the excitation periods. 

8. A communication device according to claim 7, characterized by a DC level shift 
causing said discontinuity to occur. 

25 

9. A communication device according to one of claims 1 to 8, characterized in that the 
excitation circuit comprises a controllable switching device serially arranged with the 
resonance circuit between first and second terminals of a voltage supply source and 
having a control terminal coupled to the input of the power amplifier for periodically 

30 supplying an excitation voltage signal to the resonance circuit, phase and/or frequency 

coupled with the modulated carrier signal circuit. 



10. A communication device according to claim 9, characterized in that the controIlabJe 
switching device comprises a switch resistance serially arranged with the resonance 
35 circuit between the first and second terminals of said voltage supply source and being 

varied from a maximum resistance value to a minimum resistance value and vice 
versa to smoothen transients of said excitation voltage signal increasing above a 
threshold voltage within the excitation periods. 



40 IK A communication device according to claim 9 or 10, characterized in that the 

controllable switching device comprises a MOS transistor having its drain source path 
serially coupled to the resonance circuit being controlled to vary the switch resistance 
stepwise. 



45 12, A communication device according to one of claims 9 to 11, characterized by 

amplitude modulation means for modulating the amplitude of the supply voltage 
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between the first and second terminals of the voltage supply source with modulation 
signal dependent envelope amplitude variations of the modulated high frequency 
carrier signal. 

13. A communication device according to one of claims I to 8, characterized in that the 
excitation circuit comprises a charge pump supplying an excitation current signal, 
phase and/or frequency coupled with the modulated carrier signal circuit having 
smooth transients between a minimum and a maximum current level and incraesing 
above a threshold curent level within the excitation periods. 

14. A communication device according to claim 13, characterized in that an output stage 
of the charge pump comprises a bipolar transistor, the collector emitter path thereof 
being serially coupled to the resonance circuit between first and second icrminals of a 
supply voltage source. 

15. A communication device according to claim 13 or 14, characterized by amplitude 
modulation means for modulating the excitation signal as well as a supply voltage 
coupled to the resonance circuit with modulation signal dependent envelope 
amplitude variations of the modulated high frequency carrier signal. 

1 6. A communication device according to one of claims 1 to 1 5, characterized in that the 
resonance circuit input means comprise a pulse generator controlling the excitation 
circuit to modulate the excitation signal in its phase and/or frequency and/or envelope 
amplitude in correspondence with the modulated high frequency carrier signal. 

1 7. A communication device according to one of claims 1 to 1 6, characterized by the 
resonance circuit having a resonance filter quality factor greater than 1. 

18. A communication device according to one of claims 1 to 17, characterized by a 
balanced implementation of the excitation circuit and the resonance circuit. 

19. A communication device according to one of claims I to 18, characterized in that the 
resonance circuit comprises a parallel RLC network, an inductor and resistor thereof 
being part of the antenna means. 

20. A communication device according to one of claims 1 to 19, characterized in that the 
resonance circuit comprises a parallel RLC circuit comprising an inductor provided 
with a tapped coupling to the antenna impedance, 

21. A communication device according to claim 20, characterized in that the inductor is 
provided with a further tap, coupled to the excitation circuit 

22. A communication device according to one of claims 1 to 21, characterized by said 
antenna means having narrow bandwidth. 
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23. High frequency power amplifier for use in a communication device according to one 
of claims I to 19, characterized by a resonance circuit part provided with antenna 
coupling means for completing the resonance circuit part to form said resonance 
circuit by coupling antenna means thereto. 
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Abstract 

A communication device including a power amplifier for amplifying a modulated 
high frequency carrier input signal comprising a resonance circuit and an excitation 
5 circuit for a signal excitation in the resonance circuit phase and/or frequency coupled with 
the modulated high frequency can-ier signal, To improve the performance of such 
communication device a new principle having an efficiency, substantially higher than 
achievable with the above known power amplifier is based on a reduction of the overall 
power loss and is achieved by said having excitation occurred within excitation periods 

10 (Tex) in a periodic alternation with resonation periods (Tfrc), during which the resonance 
circuit is in a free running resonance mode, the excitation periods being smaller than the 
resonation periods to define an excitation duty cycle (Tex/Tear) relative to the period of 
the carrier signal (Tear) of less than 0.5. Preferably the resonance frequency (fres) of the 
resonance circuit is higher than the carrier frequency (fear) of the modulated high 

1 5 frequency carrier signal over a resonance frequency detuning rate (dfres) t defined hy the 
frequency deviation of said resonance frequency from said earner frequency relative to 
the carrier frequency (frcs/fcar-1), substantially at most corresponding to half the 
excitation duty cycle. 

20 

Figure 1 



25 
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Fig. 1 
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